INTRODUCTION
The birch mouse, Sicista betulina (Pallas, 1778), is the only representative of Zapodidae (Rodentia) in Poland, in addition which it does not occur in great number and is only sporadically caught. This species exhibits a capacity for torpor in summer in the event of unfavourable environmental conditions. In autumn birch mice accumulate fat, preparing themselves physiologically for winter hibernation lasting over six months. Thanks to this "frugal" mode of life, limiting the activity of mammal to the half a year, the length of the birch mouse's life may attain a maximum of 4 years. The females do not reproduce until the second year of life, and produce young only twice during their lifetime. The body weight of these animals varies from 5.5 to 16.6 g (Kubik, 1952). The blood of birch mice has been examined only by Okulova et al. (1980) , who limited themselves to detailing hemoglobin level.
The purpose of the present paper is to determine the hematological parameters of the birch mouse which define the capacity of its blood for oxygen transport and also provide information as to the leukocyte resistance of the organism. Seasonal variations in hematological parameters and indices as well as hemoglobin fractions of the birch mouse were examined over three periods: spring-summer, autumn and during winter hibernation, taking account of the rodents' age and sex.
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MATERIAL AND METHODS
Blood parameters were examined in 104 birch mice caught during the period 1976-1983 (82 were caught in the Biebrza valley and 22 in the Białowieża National Park, both localities in NE Poland). The animals were kept in the laboratory for a maximum of 10 days. Blood samples were taken directly from the heart from animals under ether anaesthesia, always at the same time of day. Birch mice intended for winter hibernation were caught in August and September, kept in the laboratory up to the end of November, then placed in a cellar with a constant temperature of +1°C and 90% humidity. Moss for winter nests, together with vessels containing water or rolled oats, were placed in the cages intended for hibernation. There were, however, no signs of the animals consuming any of food. At the beginning of January, i.e. after about 6 weeks' winter sleep, the cages containing the sleeping birch mice were moved to the laboratory and blood samples taken immediately during the cold torpor of hibernation by direct cardiac puncture. No anaesthetic was used.
The following hematological parameters were determined for 87 individuals. Hemoglobin contents (Hb) were obtained by using the standard procedure for cyanmethemoglobin determination on Ljungberg hemometer. Hematocrit determinations (Hct) were made by the microhematocrit method. The red blood cells (RBC) were counted in a Thoma chamber. The diameter of erythrocytes (RBC diam.) was measured with a Zeiss micrometric eye-piece on smears stained by Pappenheim's method. On the basis of data obtained by the methods given above, mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), mean corpuscular volume (MCV) and mean thickness of red blood cells (RBC thick.) were calculated. White blood cells (WBC) were counted in a Biirker chamber and differential counts were made from Pappenheim stained blood smears examined under oil immersion, using standard counting techniques.
In the blood samples of 17 birch mice caught in autumn in the Biebrza valley (12) and in spring in the Białowieża National Park (5) hemoglobin was separated by electrophoresis on polyacrylamide gel, using the following procedure. Blood was sampled in heparinized microhematocrit tubes. After being washed three times with 4 ml of 0.9% saline, the cells were lysed in 0.25 ml of distilled water, to which 2 drops of chloroform per sample were added. The stroma of erythrocytes was next centrifuged for 10 min at 8000 rev/min, at a temperature of 13°C. To each 0.02 ml extracted hemolysate 0.02 ml of 2M saccharose and bromphenol as indicator were added. Electrophoresis was carried out in polyacrylamide gel tubes at a concentration of about 7.5%. Systems of two gels: densifying and separating were prepared after Davis (1962, cited after Maurer, 1971 ), using tris-glycine solution as the electrode buffer (pH 8.5). Electrophoresis was carried out in a apparatus with cooled chambers. Strength of current: 1.5 mA per sample. Duration of electrophoresis about 1.5 hours. Each sample was duplicated, transferred in amounts of 0.05 ml of hemolysate to the tubes fixed upright (disc electrophoresis) on the surface of the densifying gel, by means of a microdosimeter. On completion of electrophoresis one of the pairs of electrophoregrams obtained was stained with Coomassie brilliant blue G-250 (after Reisner et al., 1975) for 8 hours, then destained with the following mixture: ethanol, distilled water, and glacial acetic acid (5:5:1). Electrophoregrams prepared in this way were kept in 7% acetic acid. Parallel to this the second electrophoregram was stained with benzidine with glacial acetic acid and hy-
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drogen peroxide for 30 minutes. The electrophoretic mobility of hemoglobin bands was calculated by dividing the distance of a given band from the starting place by the distance from the starting place to the electrophoresis front. Columns stained with benzidine were used for identification of hemoglobin bands. Electrophoretic activity, on the other hand, was measured chiefly on columns stained with Coomassie blue, as the bands then have sharply defined boundaries.
Animals from which blood samples were taken were weighed and their sex and degree of sexual activity determined by means of the state of the gonads. The age of the birch mice was estimated on the basis of degree of wear of premolars and molars, distinguishing three groups: young, adult and old (Kubik, 1952). The first group consisted of young born in the study year and those caught in spring but born the previous year. In later months they enter the group of adult animals, while those in the third calendar year of life form the group of old animals in early autumn, and do not take part in reproduction. In our study material, in the group of 36 birch mice caught between May 5th and July 11th (spring-summer group), all the individuals were sexually active, 30 of them were allocated to the adult group, 4 to the group of old and 2 to the group of young animals. In the group of 46 birch mice caught between August 2nd to September 22nd (autumn group), 42 animals were sexually inactive and 4 sexually active, 38 of them being allocated to the young and 8 to the adult group. Finally in the group of 7 hibernating animals caught in August to September, all were sexually inactive, 5 being allocated to the adult group, 1 to the young and 1 to the old group. Under these circumstances the material was analyzed in seasonal groups, without segregating them into age groups.
Mean values of hematological parameters obtained for males and females were compared by means of the Student's t test, while the mean values obtained for the three seasonal/age groups were compared by the analysis of variances and using the new multiple range test.
RESULTS
The birch mice varied in weight from 6.3 g to 14.9 g. The mean body weight of animals from the spring-summer and autumn groups did not differ and was almost 10°/o greater than the body weight of these rodents after 6 weeks hibernation (Table 1) , although these differences were not statistically significant.
No differences were found between the red blood cell parameters of male and female birch mice in autumn. In the case of females from' spring and summer, the basic hematological parameters, i.e. hemoglobin content, RBC count and Hct value, were slightly higher than in males, but only RBC differed significantly (0.002<P<0.001, Table 1 ).
When mean values for hematological parameters for birch mice from 3 seasonal/age groups were compared it was found that Hb content, RBC count and Hct value were significantly higher in the group of hibernating animals than in the other two seasons (P<0.01 for all three parameters). While erythrocyte diameter remained unchanged, their thickness is significantly greater in the autumn group than in the t 340 E. Wołk other two groups (PC0.01). Similarly MCV is greatest in the autumn group of birch mice (P<0.001) when compared with the MCV value tor spring-summer birch mice), as is also MCH (J^<0.05) as compared with the other two groups (Table 1 , Fig. 1 ). There are no differences in leukocyte counts for males and females. WBC count is 50% lower in hibernating birch mice in winter than in the other groups, although this difference is not statistically significant in view of the great variability of this parameter. The percentage of lymphocytes is greater in hibernating birch mice than in the autumn group (P<0.05), but the absolute number of lymphocytes tends to decrease from spring to winter. The number of neutrophils in hibernating animals is significantly lower in comparison with the other two groups (P<0.05), as is their percentage content, although this difference is not significant. The consequence of the above tendencies is the significantly higher ratio of lymphocytes to neutrophils in the group of hibernating birch mice than in the other groups (P<0.01, Table 2 , Fig. 1 ).
Only one hemoglobin band with the constant electrophoretic mobility 
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was found to occur in all the birch mice examined, regardless of the season or place of their capture (Fig. 2) .
DISCUSSION
The absence of any marked difference in the body weight of active birch mice and those in a state of hibernation is evidence of the latter's good condition. It is extremely probable that towards the end of the hibernation period, i.e. towards the end of April in the Białowieża Primeval Forest, that the animals are thinner. Single observations made by Gottlieb von Sanden (1950) indicate that the winter decrease in weight of birch mice under laboratory conditions may be as much as 50% of the autumn value.
; RBCs indices for birch mice can only be compared with corresponding values for small mammals of similar dimensions, in view of their distinct correlation with body weight (see e.g. Kostelecka-Myrcha, 1973). In respect of body weight the birch mouse may be compared with the harvest mouse, Micromys minutus (Pallas, 1771) (Rodentia) and the common shrew, Sorex araneus Linnaeus, 1758 (Insectívora) ( Table 3) . The distinctly smaller harvest mouse has a slightly higher Hb content, RBC count and Hct value, which is in accordance with the general rule. Blood cell diameter in both species is similar as is the MCHC index.
On the other hand, in similarly sexually inactive shrews in October (body weight merely slightly smaller than the harvest mice) with Hb content 15.5 g/dl, RBC count was as much as 19.OX 10 6 /mm 8 , and red blood cell diameter only 4.5 \xm (Wolk, 1974) ( Table 3) . Thus there are twice as many erythrocytes less than 1.1 jim in diameter in a unit of blood volume in shrews as there are in birch mice, this being connected with the high metabolic rate and considerable activity of shrews. The
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metabolic rate in shrews is higher than would appear to be the case from the relation between this parameter and body weight (Morrison & Pearson, 1946; G^bczynski, 1965) .
The three RBCs parameters characterizing the oxygen delivery system in birch mice, Hb content, RBC count and Hct value, are significantly higher in hibernating individuals than in the other two groups (P<0.01, Table 1 Increased blood oxygen carrying capacity in the birch mouse during hibernation is difficult to interpret in view of the drastic reduction in metabolic rate during hibernation. Blood was sampled over a time not exceeding 3 min from animals not roused from profound winter sleep. This is important on account of the rapid awakening of hibernating birch mice. The maximum rate of body temperature increase in arousal from torpor in birch mice was 1.0°C/min, which was the highest temperature increase among five species of small mammals examined by Johansen & Krog (1959) . It may therefore be assumed that there is no question here of a sudden expulsion of erythrocytes from the store formed by the spleen. An acceptable explanation of the increase in RBCs indices may be to treat such an increase as the effect of the reduction in blood volume during hibernation. As was stated by Eliassen (1961) , blood volume in hibernating hedgehogs is more than 30% smaller than in active animals, and in addition its viscosity increases (Hock, 1964) . The increase in RBC, Hb and Hct values would according to this explanation be due only to densification of erythrocytes in a init of blood volume, and not to an increase in the total number of 344 E. Wołk circulating red blood cells. This is the more probable since cell divisions in the hematopoietic tissue in hibernating mammals are very greatly reduced and thus increased production of blood corpuscles is unlikely (Brock, 1960) . On the other hand, however, the life span of erythrocytes of hibernating hamsters is twice as long as in active animals (Brock, 1964) , and the heart rate decreases in the hibernating birch mouse from 550-600 to only 30 beats per minute (Johansen & Krog, 1959) . Another noteworthy statement made by Bidrck et al. (1956) is that despite the decrease in the number of morphotic elements of the blood in the hedgehog during hibernation (hence the conclusion that a general decrease in hematopoiesis takes place in winter), several microscopic examinations of bone marrow revealed a distinctly greater number of hematopoietic cells during hibernation than in animals in summer.
The significant increase in thickness and volume of blood cells and simultaneously in MCH index in the autumn group of birch mice, is probsbiy connected with the lower rate of gas exchange in blood during the period preceding the decrease in activity and reduction in the metabolic rate of hibernating mammals.
A characteristic tendency in changes in blood composition in hibernating birch mice is also leukopenia, i.e. reduction in the number of WBC (see Table 2 ). Afthough not statistically significant, this may be due to the fact that the animals were examined after only a few weeks of hibernation, which in the case of the birch mouse normally lasts about 7 months. Leukopenia in birch mice is caused by the decrease in the number of neutrophils (neutropenia) which is accompanied by relative lymphocytosis, since the number of lymphocytes decreases more slowly. As a result of these two processes the ratio of lymphocytes to neutrophils is significantly higher in hibernating birch mice than in the two active groups of these animals. A decrease in the number of leukocytes in hibernating mammals in winter, and in particular a decrease in the number of neutrophils, has been recorded by Suomalainen (1953) , Biorck et al. (1956) , Suomalainen & Rosokivi (1973) , Kekic (1970), Spurrier & Dawe (1973) . The studies by Inkovarra & Suomalainen (1973) suggest that hibernation leukopenia may be connected with increased leukocyte transport to tissues. In hibernating hedgehogs Solecka & Kosciolek (1973) described in addition to leukopenia and neutropenia with relative lymmphocytosis, low phagocytic activity of neutrophils. Phagocytic activity of neutrophils increase as from mid-winter and by March had exceeded the values obtained in September, before the start of winter hibernation. Cellular defences of hibernating mammals are thus reduced since they are exposed to a far lesser degree to the harmful effect of environmental factors, and contacts with other animals are impossible.
It is also necessary to emphasize the decrease in the absolute number and percentage content of eosinophils during winter hibernation. Drastic eosinopenia was found by Biórck et al. (Ć956) in hibernating hedgehogs in winter and by Suomalainen & Granstrom (1955) in hibernating golden hamsters. Chute (1964) reported a seasonal reduction in invasion by parasites during the period of winter hibernation. It is therefore possible that the winter decrease in the number of eosinophils in birch mice is connected with a reduction in the allergizing effect of parasites during this season.
Monomorphic hemoglobin was found in birch mice by means of electrophoresis, but it must be borne in mind that only large samples provide the opportunity for revealing rare genotypes. The separating method failed to reveal one of two kinds of hemoglobin chains, or else they are inseparable by electrophoresis (Fig. 2) . No seasonal differences were found in the hemoglobin phenotype from samples taken from birch mice in spring and autumn. Hemoglobin from hibernating animals was not examined. Both Spurrier & Dawe (1973) and Kramm et aL (1975) failed to find changes in hemoglobin type during the hibernation of ground squirrels and hedgehogs. Oeltgen et a I. (1979), however, using isoelectric focusing of hemoglobin in Spermophilus tridecemlineatus, in different states of the organism's activity, showed that the hemoglobin molecule structure is different during hibernation. This structure may at least be partly responsible for the "folding over" by 40-50°/o of erythrocytes in the blood of hibernating ground squirrel (Spurrier & Dawe, 1973) . In the opinion of these authors this erythrocyte morphology may also cause the increase observed in the osmotic resistance of red blood cells in hibernating mammals and facilitate their passage through blood vessels contracted during hibernation. The capacity for producing hemoglobin molecules of different structure, influencing the physiological adaptations of erythrocytes, is considered by Oeltgen et al. (1979) to be a unique erythropoietic response exhibited by all hibernating mammals.
